We report on a female with oculo-auriculo-vertebral spectrum, low height, and on X-ray lambdoid suture synostosis, cerebral cyst/mild holoprosencephalia and cholesteatoma, and multiple abnormalities of bones of chondral origin. On the right side, maxillary, mandibular bones, external auditory canal, middle ear were hypoplastic as well as semicircular canal, cranial base, bones vestibule. On the left side, coclea, timpanic cavity, mastoid antrum were hypoplastic, while stapes was misshapen. Limbs bones were slender with thin metaphyses and some carpal bones were absent. Hand second phalanx was hypoplastic and fifth finger presented clynodactily. Lambdoid synostosis expressed membranous ossification abnormality. We hypothesize that during the blastogenesis a mutation of a factor responsible for abnormal generalized endochondral and connectival ossification (possibly fibroblast growth factor receptor) occurs.
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We report on a patient with OAVS, low height and weight, multiple cerebral malformations, synostosis of lambdoidal suture cartilage, and u s e cerebral malformations, synostosis of lambdoidal suture cartilage, and o n l y
Oculo-auriculo-vertebral spectrum (OAVS) o n l y Oculo-auriculo-vertebral spectrum (OAVS) hemifacial hypoplasia, eye, auricular and vertebral defects, and o n l y hemifacial hypoplasia, eye, auricular and vertebral defects, and hypoplasia of soft and bony tissues, mainly in the face widespread to o n l y hypoplasia of soft and bony tissues, mainly in the face widespread to many other tissues. The pathogenesis of this condition is complex due o n l y many other tissues. The pathogenesis of this condition is complex due to external and genetic causes; many cases are sporadic, but familial o n l y to external and genetic causes; many cases are sporadic, but familial At 3 years, the child weighed 6700 g, she was 77 cm long with occipitofrontal circumference of 40 cm. Abnormalities in pronation, supination, and extension of the wrist were present. Skeleton radiography showed cranio-facial asymmetry, thin long bones, slightly reduced vertebral bones, coxa valga, delayed carpal bone age, some coned epiphyses, and hypoplastic second phalanx in both fifth fingers.
At 12 years, odontological examination showed asymmetric, laterally displaced mandible, normal teeth. Carpal radiography demonstrated trapezoid bone and semilunar bone absence, deformity of scaphoid, and absence of the styloid ulnar nucleus. The metaphyses of radius and ulna were subtle (Figure 1 ). Platybasia with basilar invagination, epistropheus tooth scoliosis were present on MRI. External ear was bilaterally cupped and hypoplastic; stenosis of the auditory canal, otitis media, and cholesteatoma on right were diagnosed at ear, nose and throat examination. Temporal bone CT showed, on the right side, asymmetrical skull base, short and stenotic auditory canal communicating with a large cavity involving middle ear and antrum, filled with gelatinous material and connected with lateral semicircular canal by a labyrinthine fistula. The ossicles were absent. Semicircular canals, vestibule, cochlea, and internal auditory canal were hypoplastic as well as the third part of the facial nerve and the right carotid artery foramen (Figure 2 ). On the left side, left middle cranial fossa was more developed, petrous pyramid was more caudal than on the right side, mastoid antrum and tympanic cavity were hypoplastic, stapes appeared grossly shaped, incus and malleus were present, labyrinth and cochlea were hypoplastic.
At 22 years, height was 127 cm (<3 rd P). Skull X-ray showed cranial deformity with impressive digitations. Thorax was asthenic with dorsal scoliosis, cuboid shaped vertebral bodies, and thin limb bones ( Figure 3 ) were present.
Chromosomes were normal. Comparative genomic hybridization and fluorescence in situ hybridation showed microdeletion of chromosome 1:46,XX,del(1)(q21.1). No mutations of chromosomes/genes SHH, SIX 3, TGF, ZIC were present. Karyograms of mother, father, and sister were normal. Growth hormone and endocrinological tests were normal.
Our patient was diagnosed as having OAVS with cerebral cyst/mild holoprosencephaly, cartilage and bone multiple dysplasia, lambdoid synostosis, cholesteatoma (subsequently operated).
Discussion
The facial cartilages and bones derive from branchial arches, each composed of neural crest cells (NCCs), mesodermal structures, and paraxial mesoderm. The skull calvarial bones derive from connective tissue by direct calcified process. Skull base, vertebral and limb long bones present cartilagineous centers which subsequently ossify. 3, 4 Our patient presented with multiple clinical and radiological skeletal features of face, skull, axial skeleton, limb cartilagineous and osseous tissues with one side prevalence. The cartilage and bone abnormalities were associated with central nervous system (CNS) features. Height was low.
[ Radiological examinations demonstrated generalized skeletal hypoplasia and dysplasia of epiphyses, metaphyses, or diaphyses resulting in a disproportionate shortening of limbs or axial skeleton. 5, 6 At birth, the following radiological features were present: synostosis of coronal and (partial) lambdoid sutures, platybasia, dysmorphic cerebellar fossa (structures of mesodermal origin), zygomatic hypoplasia and hemifacial microsomia (NCC-derived structures) associated with CNS defects (due to NCC/mesodermal pathological interaction).
Subsequently, epistropheus tooth scoliosis (originating in cartilage before anlagen formation), right middle ear hypoplasia (originating from Meckel's cartilage) with absent ossicles (ascribed to cholesteatoma), and left malformed stapes had relevant radiological features. These anomalies were the expression of interference with facial cartilage development. 3, 7 Hypoplasia of the petrous bone and some internal ear structures (semicircular canal, internal auditory canal) were demonstrated by X-ray. Long bones of limbs, thin early in life, presented later on subtle metaphyseal cartilage areas and metacarpal bones, a feature that suggests scarce activity of the cartilage. Absence of some carpal bones and dysmorphic features of others appeared as the direct expression of abnormal chondral development.
Disturbed chondrogenesis is responsible for multiple morphological anomalies of OAVS. 6, 7 The pathological process appears early in blastogenesis. 8 The involvement of basicranium (cartilage-derived) is an important mechanism responsible for hemifacial microsomia. 9 In normal subjects, during brain and anterior bowel development, NCC gives rise to thicknesses as first skull-base structures, which become chondrification centers, subsequently producing the chondrobasi-cranium. 3 Ethmoid, basi-presphenoid, rostrum of parasphenoid, paterigoid bones are NCC-derived, as the anterior part of sella turcica. Postsphenoid, alisphenoid, basi-occipital, exoccipital bones are mesoderm-derived. In our study, all centers were not fused at birth. 3 The intersphenoideal synchondrosis (separating pre-sphenoid bone from post-sphenoid bone) is completely fused at the third month of post-natal life. 3 In an OAVS patient reported by Goret-Nicaise, 6 the occipital synchondrosis (mesenchyme-derived) appeared hypercalcified only on one side, where bone and chondroid tissue were demonstrated, as in normal fetal skull; on this side, pillars were perpendicular to the endochondral plate and thicker. On the other side, chondral plate was irregular with small cartilagineous pillars, separated from highly mineralized pillars by non-calcified areas. Partial synostosis and morphological anomalies were responsible for basicranial asymmetry. 6 In our case, partial synostosis of the lambdoid suture, demonstrated on Xray, was possibly responsible of facial asymmetry (as in Goret-Nicaise case). 6 Abnormality of occipital bone (considered a giant vertebra) 3 was responsible for small cerebellar fossa and consequently for ArnoldChiari malformation.
Neural crest cell-derived facial structures via the formation of 1 st and 2 nd branchial arches, as the fronto-naso-philtral, maxillary, and mandibular bones, were heavy altered in our patient.
Petrous bone abnormalities with asymmetry suggest mesodermal alterations. 9 Errors in chondrogenesis, due to pathological influences by notochordal and paraxial mesoderm or to a pathological primary mesoderm, 3 should be responsible for the secondary abnormalities in formation, migration and/or differentiation of NCCs, 3 with consequent abnormal development of the first branchial arch 9 (originating Meckel's and palatoquadrate cartilage, mandible, malleus, incus, zygoma, squamous bone, and masticatory muscles) and of the second arch (originating stapes). 9, 10 Hemifacial microsomia, microtia, external auditory canal stenosis, and middle ear hypoplasia were ascribed to abnormal skull base cartilage abnormality; the zygomatic arch defect may have occurred secondary to cranial base and sphenoid cartilage abnormality, 7,9 causing a new orientation of temporal bone, and to masseter muscle abnormal attachment. 9 The right side cavity involving middle ear was ascribed, in our patient, to cholesteatoma, arised in a malformed tympanic cavity with ossicles destruction. Absence of the third part of facial nerve was ascribed to petrous bone hypoplasia and to the semicircular canal hypoplasia. 10, 11 The vestibule and cochlea hypoplasia was a sign of otic capsule anomalies. 10, 11 All these osseous structures undergo a cartilagineous phase to reach a complete bone structure. 3 Kay and Kay 9 demonstrated that an interference with cranial base chondrogenesis could be the cause of hemifacial microsomia: in OAVS cranio-facial development, interactions between NCCs and epithelial matrix are relevant in chondrogenesis as well as in osteogenesis; defects in cell differentiation or interaction may be present in the anlagen, leading to abnormal chondro-osteogenesis. 9 In humans, the neurocranium is divided into cranial base bones, 4,11,12 derived from endochondral ossification, and calvarium, formed of flat bones, which presents an intramembranous ossification. 4, 13 The nonneural ectoderm membrane yields the calvarium ectoderm. In mammals, the parietal bone derives from the paraxial mesoderm of rombomeres r2 u s e
Abnormality of occipital bone (considered a giant vertebra) was responsible for small cerebellar fossa and consequently for Arnold- o n l y phological anomalies were responsible for basicranial asymmetry. our case, partial synostosis of the lambdoid suture, demonstrated on Xo n l y our case, partial synostosis of the lambdoid suture, demonstrated on Xray, was possibly responsible of facial asymmetry (as in Goret-Nicaise o n l y ray, was possibly responsible of facial asymmetry (as in Goret-Nicaise and r3, 3 the frontal and squamosal bones are NCCs-derived. 3 The first 5 mesodermal somites, during vertebrate evolution, originated the occipital bone: the first somite originated the exoccipital bone; the 2 nd , 3 rd , 4 th and 5 th somites yielded the basioccipital, the mesoccipital, and the supraoccipital bones. 3 Calvarium bone tissues are formed by intramembranous ossification, i.e. by osteogenetic condensation, 4 a process in which mesenchymal cells stimulated by the activity of bone morphogenetic protein (BMP) and fibroblast growth factor (FGF), proliferate and differentiate into osteoblasts cells, producing (by Cbf 1 or Runx 2) bone matrix and osteoid and forming ossification centers in the primitive membrane which covers the vault. 4 At the margins of the frontal, parietal, temporal, occipital bones, there are sutures connecting different bones. The metopic suture is NCCs-derived. Sagittal, coronal, and lambdoid sutures are mesoderm-derived. 13, 14 The sutures are sites of cranial flat bone growth. They initially present proliferation of cells at the margins of the extending bone field (the osteogenic front), then extend and approach or overlap each other with immature fibrous connective tissue interposition 13 and close at different times after birth. When the suture closes prematurely, synostosis is present; lambdoid synostosis presents with fibrous and cartilagineous tissue. 14 Craniosynostoses are heterogeneous: they may be primary, correlate to genetic abnormalities, or secondary, resulting from a know disease. 13 In our case, craniosynostosis of lambdoid suture was present on X-ray at birth, as expression of membranous ossification abnormality.
Vertebral abnormalities, demonstrated by X-ray as small and thin bodies and as epistropheus scoliosis due to a possible endochondral dysplasia, were present in our case. In the axial skeleton (lumbar vertebra) of a patient with OAVS, Goret-Nicaise and colleagues 6 demonstrated by microradiographic and histological methods disturbed endochondral calcification, defects in resorption, abnormal crumpled areas of mineralized cartilage. By methylene blue staining, the radioparent area consisted of uncalcified hyaline cartilage; the less calcified tissue corresponded to bone and the more calcified to normal cartilage, with lesser stained areas corresponding to abnormal cartilage. 6 In our patient, vertebral features similar to Goret-Nicaise and colleagues 6 could be attributed to a primary disturbed chondrogenesis.
In our case, radiologically demonstrated carpal abnormalities were present with bone aplasia (trapezoid, semilunar) or dysplasia (scaphoid) as an expression of endochondral ossification abnormality. Limb bone abnormalities were expressed by slender bone and thin mataphyses, which are also the expression of abnormal endochondral ossification as metacarpal bones. Hypoplasia of phalanges was attributed to mesodermal abnormalities, leading to disorders of endochondral ossification. On the basis of these findings a generalized alteration of chondral ossification was present in our patient, as well as of intramembranous ossification, as signalled by lambdoid craniosynostosis. These features pointed to possible factor(s) causing this chondromembranous-osteo-dysplasia.
Bone morphogenetic protein and FGF are important growth factors in early development. 8 Members of the FGF family are factors inducing signal transduction in blastogenesis. 8 In native ectoderm, FGF pathway induces mesoderm; when this is formed, gastrulation proceeds to generate the anterior-posterior axis of the embryo. Then, the mesenchyme is transformed into bones by endochondral (skull base and limbs) or intramembraneous (vault) ossification. 8 FGF 2, 4, and 8 are expressed by cells of the apical ectodermal ridge, an area of developing limbs which maintains the cells in a continuous proliferating state. 8, 14 Signaling of the FGFs is mediated by FGF receptors (FGFRs). 8 Fibroblast growth factor 1 is expressed in the mesenchyme. Mutation of FGFRs causes alterations of limbs 15 because a lack of signal may induce the maturation of the cells from undiferrentiated to more differentiated mesenchyme. In different embryonic regions, FGF 8, BMP 7, and PAX 1 are demonstrated to be independent from NCCs. 16 In mesenchyme, with NCCs, they constitute a field of functional matrix: when a deficiency of bone is present, this may be due to epithelial program unit deficiency in NCCs or in the biochemistry of epithelial-mesenchymal interaction. 8, 14 In branchial arches, FGF8 causes expression of PAX1, BMX, Goosecoid, and endothelin. 16 Fibroblast growth factors play a role in the complex regulation of suture fusion. 8, 14 Together with FGFR, they stimulate the proliferation and prevent the differentiation of osteoblasts, with consequent cranial suture maintenance. At higher signal intensity, FGF and FGFR cause the suture differentiation and closure. 15 Fibroblast growth factor induces FGFR via mitogen expression protein (MEK) and mitogen activated protein kinase (MAP-kinase), 8 and expression of SOX 9 4 induces parathyroid hormone-related protein (PTHrP), which modulates the rate of chondrocyte differentiation. 17 Fibroblast growth factor receptors mutations are associated with gene function abnormality, creating or destroying cysteine residuum, a process activating the receptor with signal function independent of the ligand, 15 resulting at cranial level in precocious fusion of the suture by a gain of function mechanism. 15 Mutations of FGFR are demonstrated in some syndromes associated with craniosynostosis. In Crouzon syndrome, with or without mild hand involvement, the craniosynostosis is due to FGFR 2 mutation; in Apert and in Pfeiffer syndromes (with limbs defects), there are mutations in FGFR 2 and FGFR 1 or FGFR 2, respectively, while in Muencke syndrome, FGFR 3 mutations are present. 15 In cranio-facial mutant zebrafish (Danio rerio), mutation of fgfr 1, fgfr 2, fgfr 3 cause phenotypes with craniosynostoses, bone length reduction due to chondral bone formation defect, normal teeth, kinked or malformed cartilage, reduced number of chondrocytes, diminished Alcian bleu cartilage staining (hammerhead class). 18 This zebrafish mutant is similar to human syndromes included in the group of FGFR mutations, which present reduced bone length, but not always bone shape alteration and premature suture fusion (Pfeiffer-Crouzon syndromes, achondroplasia). 18 On the basis of these observations, we may hypothesize a role of FGF/FGFR abnormality also in our case.
Conclusions
The symptomatology present in an aunt of our patient suggests a genetic disease with dominant transmission. The gene(s) responsible of OAVS is (are) unknown, but the mutation present in chromosome 1 may have some relevance: Stahl-Maug reported a pericentric inversion of this chromosome in OAVS. 19 On the basis of clinical and radiological features present in our case and the histological and biological data of the literature 2,4,6,7 we hypothesize that our OAVS patient presented a vault membranous ossification disease and a generalized disease of the cartilage with a disturbed chondral proliferation, mainly at metaphyseal level, leading to ossification abnormalities of limbs, vertebrae, cranial base, occipital bone, and short stature as well as temporal bone and ear abnormalities. The coexistence of CNS malformations may be ascribed to neural crest derived abnormalities 20 as well as facial abnormality.
The radiological features of skull and limbs, similar to those present in Crouzon and Pfeiffer syndromes due to FGFR mutation, the lambdoid craniosynostosis associated with length reduction, as reported in zebrafish with fgfr mutation, pointed to a possible pathogenetic relevance of FGF/FGFR pathway alteration as the cause of the cartilage abnormality.
In our case, an unknown genetic factor, connected with FGF/FGFR pathway, could be responsible for the chondral and membranous disorder aging before cartilage formation (at gastrulation) and could cause generalized chondro-membranous dysplasia and subsequent osteodysplasia with short height. Corpo Calloso, cisti prosencefalica), del canale carotico interno e
